There are currently only two places in Portugal were native Artemia parthenogenetica 14 can still be found. All other known populations have been eradicated by the invasive 15 species A. franciscana, which has caused great losses of Artemia biodiversity in the 16
conditions studied A. franciscana outcompeted the Artemia strain from Aveiro, 25 whereas the strain from Rio Maior was more resistant than the A. franciscana under 26 conditions that were similar to its local habitat. Strain-specific resistance to chemical 27 conditions, related to pollution, are appointed as a potential cause why A. franciscana 28 did not successfully invade Aveiro saline. The saline of Rio Maior has possibly not yet 29 been invaded due to the fitness of its local Artemia strain in combination with its 30 inland location. 31
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Introduction 34
Artemia is a widely distributed (Triantaphyllidis et al., 1998) and much studied 35 crustacean. Nine reproductively isolated Artemia species have been described, which 36 can be divided into sexual or parthenogenetic species with different ploidy levels 37 (Browne and Bowen, 1991) . The genus' large distribution success throughout a variety 38 of environments is evidence of its great adaptability and environmental tolerance 39 (Barata, 1994) . 40
One of the problems currently affecting Artemia is its loss of biodiversity in the 41
Mediterranean basin (Amat et al., 2007) . There has been a decline of several native 42 Artemia populations, due to the introduction of Artemia franciscana (Amat et al., 43 3 and observed enormous advantages of Artemia franciscana over other strains. Several 48 studies (Browne, 1988; Browne et al., 1991; Wear and Haslett, 1986) show that 49
Artemia franciscana resists much better to variations in temperature than other 50 Artemia species. Browne and Wanigasekera (2000) also suggest that A. franciscana is 51 both euryhaline and eurythermal since it reproduced at a range of 52 salinity/temperature combinations in their experiments. According to Ruebhart et al. 53 (2008) , these and several other characteristics strongly contribute to the invasive 54 success of A. franciscana. Their work provides extensive information on the worldwide 55 expansion of this species, which is currently present in all continents where the 56
Artemia genus is described. The invasiveness and success of A. franciscana are very 57 important as they affect endemic lineages and native Artemia species. 58
In Portugal, there are only two places where Artemia parthenogenetica diploid 59 exists: the Rio Maior salines (39°21'47''N8°56'33''W) and the Aveiro salines complex 60 (40°38'37''N8°39'57''W) (Pinto et al., 2012) . These sites are ±150km apart. The Rio 61
Maior saline is an inland saline, supplied by brine from a long and deep streak of rock 62 salt (Calado and Brandão, 2009) . In contrast, the Aveiro salines are located in an 63 estuary lagoon, near the Atlantic coast and are hence supplied by sea water (Vieira et 64 al, 1989) . The ionic proportion of sea water are often considerably different from the 65 inland salines and salt lakes, that are the places where the A. parthenogenetica diploid 66 can usually be found in the Mediterranean basin (Amat, 1980; Barata et al., 1996a Barata et al., , 67 1996b Browne and MacDonald, 1982; Zhang and Lefcort, 1991) . 68
In terms of adaption to abiotic conditions, parthenogenetic diploid strains 69 appear to be better adapted to environments with moderate salinities and 70 populations is sometimes as big as the differences between different Artemia species 94 (Browne, 1992) . Possible genetic differences between A. parthenogetica diploid 95 populations, caused by different selective pressures experienced may increase the 96 probability of variation in their physiological characteristics (Persoone and Sorgeloos, 97 1980; Vanhaecke et al., 1984) . 98
The two studied A. parthenogetica diploid populations are of high conservation 99 value, because they are the only known native Artemia populations present in 100
Portuguese salines that do not (yet) suffer from invasion, unlike most populations in 101 hypersaline environments of the Mediterranean Basin (Amat et al., 2007) . To 102 understand why these particular populations have resisted invasion, a broad picture of 103 the differences between the two native populations and the invasive species A. 104 franciscana is needed. The present study was set up to determine the impact of 105 environmental factors on their survival, assessing temperature and salinity effects, 106 which have been widely studied in other parthenogenetic Artemia populations (e.g. 107 Barata et al., 1996a Barata et al., , 1996b Browne et al., 2000) , as well as the effects of the amount 108 of provided food (e.g. Sick, 1976; Evjemo and Olsen, 1999; Lora-Vilchis, 2004 ) and the 109 photoperiod (e.g. Nambu et al., 2004; Villamizar et al., 2011) , which are less well 110 studied. We expected to find distinct impacts of these factors on the different Artemia, 111 suggesting clues to why the two specific Portuguese native parthenogenetic strains 112 have not been outcompeted and eradicated by A. franciscana. 113 6
Materials and methods

118
Artemia populations 119
Artemia parthenogenetica diploid was obtained from samples of adult 120 individuals in the salines of Rio Maior (RM) and Senitra, Aveiro (AV) (Figure 1) . 121
Collected individuals were maintained in the laboratory to acclimatize to the following 122 conditions: 24°C temperature, 70ppt salinity, ±300 000 cells ml 1 of Tetraselmis suecica 123 as food supply and a 12:12h L:D (light:darkness) photoperiod. After obtaining enough 124 cysts from these populations to start the experiment, the cysts were hatched and 300 125 nauplii were immediately separated for each experimental treatment (starting 126 experimental time). Analogously, A. franciscana (AF) were hatched from a commercial 127 brand of Artemia cysts (Ocean Nutrition™, Great Salt Lake), separating 300 nauplii for 128 each experimental treatment. 129
Variation of survival and sexual traits has been demonstrated for different A. 130 franciscana populations along time (Vanhaecke et al. 1984; Amat et al. 2007 ). The A. 131 franciscana cysts used came from the Great Salt Lake, a commonly available source for 132
Portuguese aquaculture and aquaria. Other A. franciscana strains could have been 133 considered. Deliberate Artemia introductions by salt-makers for the improvement of 134 salt production have been described (Amat et al., 2007) , and we could have sampled A. 135 franciscana from population already established in Portuguese salines. There are 136 however several A. franciscana populations in Portugal (Pinto et al., 2012) from which 137 to choose, so that we decided to use a common commercial strain. 138
Experimental setup 140
Survival of the different strains of Artemia was assessed throughout their pre-141 reproductive period under different salinity, temperature, light and food conditions. 142
There were 9 experimental treatments (Table 1) 
Data analysis 167
To analyse our right censored survival data (some individuals survive the 168 experimental period), Kaplan Meier curves with (point-wise) 95% Wald confidence 169 intervals were computed and plotted (Klein and Melvin, 2003; Lumney, 2007) . Survival 170 distributions were subsequently compared using the Peto & Peto modification of the 171
Gehan-Wilcoxon test (Harrington and Fleming, 1982) . This test is more powerful than 172 the log-rank test when the hazard functions are not parallel and where there is little 173 censoring. It has low power when censoring is high and results can be misleading when 174 a large fraction of subjects are censored at early time points, which is not the case in 175 our data. The Gehan-Wilcoxon test gives more weight to deaths at early time points, 176 so that short-term effects are more important for the discrimination between groups 177 than long-term effects. We tested the null hypothesis that the survival curves were 178 identical: between replicates within each treatment (i.e. for one Artemia source and a 179 single set of experimental conditions), between treatment levels applied to one 180 Artemia source, and between Artemia from different sources considering the same 181 treatment. Subsequent pair-wise tests, using Bonferroni corrected significance 182 thresholds, were used to establish which treatment levels or Artemia sources differed. 
Comparison of different treatments for the same Artemia strain 216
Kaplan-Meier survival curves with respective 95% confidence bounds are 217 presented in Figure 3 , with annotations of the Gehan-Wilcoxon test results. 218
Comparisons between treatment levels of nearly all variables showed significant 219 differences for the AV and RM Artemia strains. AV, on the other hand, was particularly 220 indifferent to food concentration. 221
The survival of A. parthenogenetica from Aveiro decreased significantly with 222 increasing salinity and with increasing temperature; this strain did not tolerate 223 salinities above 110 ppt and a temperature of 34°C. Survival was similar with halved 224 food concentration, yet significantly lower with extreme food shortage 225 (37 500 cells ml 1 ). In terms of photoperiod, AV showed significantly higher survival in 226 continuous light and complete darkness conditions. 227
A. parthenogenetica from Rio Maior showed similar survival patterns, with 228 decreasing survival at higher salinities and temperatures, and with less food supply. 229
However, this strain showed no significant difference between the 100 ppt and 230 the 12:12h photoperiod, followed by continuous light, displaying high mortalities after 232 longer periods in complete darkness. 233
The survival of A. franciscana also decreased significantly with increasing 234 experimental salinity and increasing temperature. The difference between 24C and 235 34C was not significant (notice the Gehan-Wilcoxon test gives more weight to early 236 deaths), but the crossing Kaplan-Meier curves suggest higher long-term mortalities at 237 
Differences between the two A. parthenogenetica populations 245
Results confirm the existence of high variability in the survival of A. 246 parthenogenetica diploid strains (Browne, 1992) , as both of the analysed strains 247 reacted differently to salinity, temperature, food supply and light conditions. These 248 differences are likely related to locally different selective pressures and consequent 249 (possibly genetic) adaptations (Persoone and Sorgeloos, 1980; Vanhaecke et al., 1984 ) 250 caused by the very different brine compositions and abiotic conditions. 251
Compared to A. parthenogenetica from Rio Maior, medium to long-term 252 survival rates for Artemia from Aveiro were higher 29C but lower at 24C. This 253 suggests a possible adaptation of the AV strain to higher temperatures. The ponds inAveiro are shallower than those in Rio Maior, and are therefore more likely to reach 255 high water temperatures. A time-series of water temperature measurements at both 256 locations would however be needed to confirm this hypothesis. 257
A. parthenogenetica from Rio Maior was, on the other hand, more resistant to 258 high salinities (although suffering high mortality) and to severe food shortage. This 259 may also be an adaptation to local conditions, particularly to the characteristics of the 260 supply water. The saline at Rio Maior is a rock salt saline. Naturally dissolved brine is 261 supplied to the ponds from wells where the pumped-up water has a salinity of nearly where water has much lower salinities than the water in the sampled ponds, probably 268 by blend of rain waters. This would suggest that lower salinities are more favourable to 269 RM Artemia survival. This evidence and the observed mortalities at 110ppt and 150ppt 270 lead us to conclude that this population has difficulties in keeping high numbers of 271 individuals alive at salinities of 150ppt, such as those found in the salina supply water, 272
and that the wing tanks allow the maintenance of large amounts of Artemia during the 273 whole year. 274
In terms of food availability, the Aveiro saline complex has a greater diversity of 275 species that are part of the Artemia diet (Vieira and Bio, 2011). Being part of the Ria de 276
Aveiro estuary, its salines have also higher levels of fertilization through considerableamounts of dissolved nutrients of anthropogenic and natural (e.g. waterbird 278 droppings) origins (Lopes et al., 2007) . In contrast, the rock salt brine at Rio Maior has 279 little nutrient input and biodiversity, due to the characteristics of its water source and 280 its inland location (Calado and Brandão, 2009 ). This may explain the greater resistance 281 (adaptation) of Artemia from RM to severe food shortage. 282
We observed that A. parthenogenetica from Rio Maior was more sensitive to 283 extreme photoperiods (complete darkness or complete light) than that from Aveiro. 284 This is difficult to explain, but may suggest an overall better light tolerance for the 285 Aveiro strain. In Aveiro, saline ponds reach lower depths and are thus exposed to high 286 radiation and temperature. Aveiro lays also more to the North, causing longer days in 287 summer and longer nights in winter; though that difference should be too little to 288 The main difference between the studied Portuguese A. parthenogenetica 293 strains and A. franciscana is the extreme tolerance of A. franciscana to high water 294 temperatures. This species had a much higher survival at 29C, and some individuals 295 even survived 34C, a temperature that was lethal for the parthenogenetic strains. 296
Results suggest that the optimum temperature for survival of A. franciscana is 297 probably closer to 29C than 24°C, since the observed survival was significantly higher 298 for 29C than for 24C. These results confirm the ability of Artemia franciscana to 299 tolerate a large range of temperatures found by several authors (Wear and Haslett,1986; Browne, 1988; Browne et al., 1991 Analysing the impact of different photoperiods on the studied strains, we found 314 that A. franciscana does not tolerate total darkness well, just as the RM strain. This is 315 interesting because this factor has rarely been assessed, but it can hardly be linked to 316 the invasiveness of the species. Little can be inferred from the behaviour in the wild 317 where this situation does practically not occur. All strains studied showed good 318 survival rates in total light and 12 hours light 12 hours darkness photoperiod. 319
Considering the variables and treatment levels studied, A. franciscana was 320 rarely at a disadvantage in comparison to the native parthenogenetic strains.
from Rio Maior, A. franciscana was only more vulnerable at the lowest studied 324 temperature (24°C), at very high salinities (150 ppt) and (in the long term) at very low 325 food concentrations (37 500 cells ml 1 ). These conditions are typical of the saline 326 environment found in Rio Maior, suggesting that the biotope characteristics constitute 327 a limiting factor to the invasion by A. franciscana. There is however at least one other 328 factor to consider: the geographical inland location of the Rio Maior salines, which lies 329 far from the main bird migration routes, far from fish farming facilities and urban areas 330 with aquaria, reducing the possibility of an accidental introduction (Amat et al. 2007) . 331
There are no records of A. franciscana observed in the Troncalhada salina 332 (Aveiro), although this invasive species has been recorded in other salines of the same 333 complex, not too distant from the studied one (Amat et al, 2007) , and the saline is 334 inhabited by numerous bird species, which could be an introduction vector for the 335 invasive Artemia strain. This fact, added to the fact that the parthenogenetic strain 336 from Aveiro performed worse than A. franciscana for almost all of our studied factors 337 and treatment levels, suggests that the maintenance of the native parthenogenetic 338 strain and absence of A. franciscana in the Troncalhada saline may be due to other 339 strain-specific traits, next to survival, or to other local biotope-specific factors. Further 340 studies are necessary to test other traits related to population dynamics, which 341 determine biological fitness and life span, such as the time of pre-reproductive and 342 reproductive periods (Allan, 1976) , the type of reproduction, as well as different 343 species concurrence and crowding, (Barata et al., 1995 (Barata et al., , 1996a Browne et al., 1984 Browne et al., , 344 1988 Browne et al., , 1991 . The location of Troncalhada saline may also hold the key to understand 345 the lack of invasion. This saline is located at the inland limit of the Ria de Aveiro,immediately next to the city of Aveiro. It is an urbanized saline in terms of water 347 supply, being fed by an urban channel with often highly polluted water, including high 348 
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